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ScienceDesk Charter: Infrastructure A
support for distributed scientific teams

- Shared Project Repository
Images, Models, Documents, Data, Notes, plus
- organization, retrieval, indexing, annotation,
and threading services

AV Shared / remotely controlled

Scientific Instruments
Monitoring, control, and experimentation

E! Collaboration/Coordination Services

Consultation tools, Workflow, Calendars, Group and
Resource Scheduling, Awareness

Communications
Email distribution and archiving,
video/audio conferencing, chat

Tool Integration
Data/lmage Analysis tools, Text Editors, Simulators

User Task Support

Help and advice from experts and agents
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Specific Research Focus %
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e Scientific Knowledge Management: capture,
preservation, traceability of scientific knowledge

e Information Access: intelligent indexing and
visualization

e Collaboration: asynchronous and synchronous
science teamwork

« Semi-autonomous Remote Experimentation:

Intelligent monitoring and control




Lifecycle Su;la_port for Scientific
eams

Background
Research

Publication Proposal

ScienceDesk

End-to-end, integrative, support for

team-based, distributed scientific work ] ]
Experimental Design

Analysis and Preparation

Experiment



ScienceDesk Motivation

e Critical nature of scientific work: essential for success of
NASA missions cross-enterprise, yet little infrastructure support

 Inevitability of distributed work: conducted in offices, labs,
field, spacecraft using multi-person, cross-institutional teams;
remote collaboration and information sharing is essential

* Inadequacy of scientific recordkeeping:
a logistical nightmare with multiple media and formats;
difficult and tedious, resulting in inefficiencies,
irreproducibility, dissemination failures, and “organizational
amnesia”

 Limited scientific resources: Valuable, one-of-a-kind
resources must be shared electronically:
 information & data on rare samples (moon rocks, Mars meteorite)
e expensive instruments (electron microscopes, gas chromatographs)



ScienceDesk Testbed: Early Microbial
Ecosystems Research e ———

Study of “Microbial Mats”

* Photosynthetic microbial mats are the oldest known ecosystem on Ea
« Can be found in extreme environments (thermal, saline, high carbona
e Serve as an early-Earth analog for studying development of life




Early Microbial Ecosystems Group:

Distributed Field and Lab Work s s ot
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Human-Centered Methodology
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: * interview . :
Study science T e (1ab & field) @EETRIS T e R e s

team in operation - videotape

@ * workflow

Analyze and model -«procedures
e communication flow

& partnership

Develop new
I concepts » ScienceQOrganizer

& tools « Shared Image Annotator
» O2 Microsensor Controller
Critique &

Review Deve|0p prOtOtype

Critique & ;

Review

Evaluate
prototype

Critique &
Review



Bottlenecks Observed
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e Information sharing, management

 Information tracking

e Historical preservation, replication of results
e Access to scientific instruments & facilities
e Scientific consultations

« Remote experimentation



Four ScienceDesk Development
Thrust Areas
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Thrust 1:
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Project Information Repository 7 nes e o

e Create centralized repository for project information:

e documents

e datasets

* Images

e scientific records
e procedures

- Facllitate linkages between related information
» Establish “Nerve center” for team’s knowledge and
data management activities

Tool developed: ScienceOrganizer



Thrust 2: Remote Electron Microscopy
Facility  wstuss e

L |
 Remote control of electron microscope
* Enable collaborative image annotation & consultation
 Webcam and Timbuktu for collaboration support
« EM images stored in ScienceOrganizer repository
* Recent collaboration with NREN & NAI

Tool developed: Shared Image Annotator



Thrust 3:
Greenhouse Collaboratory
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e Synchronous control
t and monitoring of
scientific instruments

« EXxperiment planning
and protocol mgmt

Tool developed: * Intelligent agents

Microsensor Controller * Integration of
acquired data into

(a.k.a. “Matsticker”) ScienceOrganizer



Thrust 4: _ .
Cyanobacteria Culture Collection 7.t

» Specialized repository for microbial cultures

 Electronically “Housed” within ScienceOrganizer

 Linkage between organisms’ metabolic functioning and
collection environments

« Searchable based on detailed criteria

» Possible linkage with Univ. of Oregon collection

Capability Developed:
Ames Exobiology

Culture Collection
(within ScienceOrganizer)




ScienceOrganizer Primer
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Purpose: Enter, interlink, and subseguently
access scientific project information

* Information Itemse.g., scientific records, images, documents, measurements)
e Contain text or numeric fields
» Have attached files (e.g., Word, Excel, dataset)

* Links can be created between Items

Sample -654
Culture-123 CUItlva[ed-from q Collected-by: S. Jones
Cultivated-by: R. Smith Collection date: 1/24/00
Genus: phormidium h%~ ] C.:ollection site: Pond 6:
Growth medium: ASN mICI’Ogral)h field4: ...
field4: ... Image -654
fields: .. Taken-by: R.Smith

Image date: 1/24/00

Equipment:
Image File: bt o i

£aps
]




Types of ScienceOrganizer

“Information Iltems”
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all items
site — O N— experiment
sample
person
culture
r oject
b document
image
measur ement note ¢ URL
equipment —» photogr aphic image
—» O2 concentration —>» camera —» SEM image
—>» N2 concentration — > gas chromatograph —»{ other
—>
—» spectrograph Ztl;b :
—> micr osensor
—» chromatogram N2 micr osensor
—»{ other > SEM
—»| spectrometer
—» other
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Sanctioned Links between Items
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culture

has-genetic-sequence-URL

has-meduim-recipe
URL
cultivated-from\

cultivated-by

el mated-by

per son has-image document
mounted-on ¢
equipment image sample
........................................ > StUb eyl photographicimage
<<<<<<<< » SEM image

~~~~~~~~ » image (other)
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Semantic Relationships among %
Scientific “Information ltems” s s ot
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ScienceDesk Tools Demonstration




ScienceOrganizer:
A threaded scientific repository -




Auxiliary tool: y
Shared Image Annotator s s ot

Collaborative Whiteboarding & Annotation Tool

ScienceOrganizer



Remote Experimentation:
Oxygen Microsensor Remote Controller
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Project Status
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FY’'99 Achievements:

* Strong partnership with Exobiology branch and Astrobiology Institute
« Design and initial implementation of ScienceDesk tools (ScienceOrganizer,

Microsensor Remote Controller, and Shared Image Annotator)
e Initiation of user testing for two of these tools

FY’'00 Goals:

* |ntegration of three tools
« Construction of Cyanobacteria Culture Collection within ScienceOrganizer:

first actual testbed for ScienceOrganizer usage
« Enable user customization and configuration facilities



Technical Challenges & Opportunities . /
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 Automated knowledge capture: ease user burden
e Customization facilities: content and organization
e Balance between structure and flexibility

* Novel input modes (speech, pen)

* Mobil/wireless settings

* Agent-based experiment monitoring



Characterizing ScienceOrganizer
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Related tools:

 Document-sharing systems: Postdoc, BSCW, DocuShare

 Electronic notebooks

e Laboratory information mgmt. systems (LIMS)

e Personal information mgmt. systems (PIMS): MS Outlook, Palm Organizer

Scientific Information I tems:
-sitesI

.- . . . es
Distinguishing features: * images

* proposals

e Structured, domain-specific information space: : measurements
* Cultures

facilitates access and cross-project sharing - graphs
* consultations

» Configurable and customizable X gﬁjrggipants

* Information threading to interrelate information and facilitate navigation
« Combination document repository and database
* Intelligent model-based behavior

facilitates inference



Augmentations beyond Postdoc
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* Repository contents: includes threadable, customizable scientific records

« User interface: two-section display featuring items and links

* Navigation: users navigate via threaded links or hierarchically

e Information modeling: contains a semantic model of interrelationships
among different types of scientific information

e Auxiliary tools interface: Shared Image Annotator and Microsensor

Remote Controller



Remote Microscopy Architecture A
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Scanning
Electron
Microscope

Digital Micrograph

Image acquisition

SEM Control
Computer

remote stage

control

ScienceDesk ﬁ
Server




O, Microsensor Control
Configuration
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